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BY  RICHARD  M.  PEARCE,  M.D. 
(From the Bender Laboratory, Albany, N.Y.) 
PLATE  V. 
The experimental studies  upon which this  communication is 
based were suggested by an investigation 1 of the necroses occur- 
ring in the liver of the dog as the result of the intravenous injec- 
tion of h~emolytic immune sera.  These necrotic lesions, which 
appear  to have a very definite relation to thrombi  composed of 
fused red blood corpuscles, vary in position and extent according 
to the amount of  serum  admimstered.  Small doses cause focal 
lesions  more or  less  isolated  and  irregularly distributed;  large 
doses  produce  a  diffuse  necrosis  which  spares  only the  tissue 
about the larger portal  spaces.  The uniformity and extent of 
this  latter  lesion  suggested  the  importance  of  studying  the 
repair  process which naturally follows it  in  those  animals  sur- 
viving the acute toxic effects of the serum.  It was evident that 
the extent of the injury was such as to preclude complete repair 
by  regeneration of  liver cells alone.  If,  then, the  defect were 
to  be  repaired by  connective-tissue proliferation  the  resulting 
histological picture would, except for a difference in the distribu- 
tion of the new tissue, closely resemble cirrhosis in man. 
Experiments based on this method have not, heretofore, been 
made.  Joannovics,  2 alone  of  the  few investigators  who  have 
studied the lesions  of the liver due to  hmmolytic sera,  has  de- 
scribed  repair  about  foci  of necrosis.  Plexner,  a in  1894  , while 
studying the lesions  occurring in the organs of the rabbit after 
the injection of serum of  the  dog, observed  a  well-marked cir- 
rhosis  due  apparently to  repair about multiple necroses.  The 
lesion was  found,  however, but  once,  and could not be  repro- 
* This study has been conducted under a  grant from the Rockefeller Institute 
for  Medical  Research.  Read  before  the American Association of Pathologists 
and Bacteriologists in Chicago,  April  x9,  I9o5. 
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duced  in other  animals.  The literature  contains,  as far as  I 
am  aware, no  other  references  to  similar lesions  due to  serum 
injections. 
Methods.--Dogs  were injected either  in the  smaller branches 
of the femoral vein or in the abdominal cavity with serum ob- 
tained  from rabbits  which  had  received repeated  injections of 
the red blood corpuscles of the dog.  The dose usually employed 
was one cubic centimeter of serum to from 5oo to iooo grammes 
of body weight.  The majority of the animals died within forty- 
eight  hours;  those  which  survived  were  killed  at  intervals 
varying from forty-eight hours to thirty-six days. 
Character o~ the Primary Necrosis.--The necrotic lesions in the 
liver vary according to the dose of the serum.  As the etiology 
and the  general character  of the focal necroses have been dis- 
cussed  elsewhere,  only  the  more  extensive  form  of  necrosis, 
which through an equally widespread process of repair leads to 
cirrhosis, will be considered at this time.  The macroscopic ap- 
pearance of the liver in animals dying within a  few minutes or 
hours after the injection of serum is  that of intense congestion. 
Microscopically, the vessels are found to be distended by closely 
massed red blood corpuscles.  The coalescence of red cells is very 
evident in the portal veins, while in the capillaries the occlusion 
leads to a  distension so great that the columns of liver cells are 
more  or  less  obscured.  This  congestion is  less  evident  about 
the larger portal spaces.  After twenty-four to forty-eight hours, 
the liver presents a  uniformly mottled appearance;  fine  irregu- 
lar  yellowish brown or grayish yellow non-elevated areas being 
sharply separated  from  deeply congested  or  occasionally even 
hmmorrhagic areas.  On  section the  brownish portions  have  a 
distinct  hyaline  appearance.  The  superficial  portions  of  the 
liver are uniformly more extensively involved than are the deeper 
portions, though in some of the smaller lobes the necrosis may 
be quite general.  Histologically, the necrosis, which is hyaline 
in character,  involves all portions of the liver tissue except cir- 
cular areas of varying size in the immediate neighborhood of the 
larger portal spaces  (see Fig.  I). 
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are  concerned, is uniform and complete;  the cells of the capil- 
laries  may, however, persist.  A  narrow ring of liver cells with 
vacuolated protoplasm and pyknotic nuclei separates,  as a  rule, 
the  necrotic  from  the  normal  tissue.  Leucocytic  infiltration 
may oi" may not be present.  The capillaries of the necrotic tissue 
are widely dilated and tightly packed with swollen and distorted 
red blood corpuscles which may occur in masses or may retain 
distinct  outlines.  In  the  congested portal  veins,  on  the  other 
hand, the fusion is quite constant, the plugs for the greater part 
having  a  distinctly  hyaline  appearance.  The  perivascular 
spaces of the capillaries  are distended with serum, and the bile 
passages  of  all  sizes  are,  as  a  rule,  dilated  and  engorged with 
bile. 
The cause of the necrosis is  an  obstructive congestion of the 
capillaries and the smaller branches of the portal vein by fused 
masses of red cells.  To the effect of this obstruction, essentially 
a  thrombosis, is added the pressure exerted by the perivascular 
(edema and the over-filled bile capillaries.  In parts of the liver 
midway between the larger portal spaces these factors are suffi- 
cient to overcome the pressure in the capillaries from the hepatic 
artery, and necrosis results;  the cells in the neighborhood of the 
larger portal spaces, on the other hand, are preserved through a 
better  blood  supply  dependent,  presumably,  upon  the  greater 
arterial pressure in this region. 
A  review of the literature  of  infarction  of  the  liver  in  man 
and  of  experimental  infarction  shows  no  condition  analogous 
to  that  here  described;  nor  are  any  of the  theories  put  forth 
concerning the etiology of infarction  applicable to it.  A  possi- 
ble  exception  is  the  widespread  h~emorrhagic  infarction  pro- 
duced by Wooldridge 4 as the result of injecting into the jugular 
vein of the  dog a  complex proteid substance  derived from the 
thymus  and  other  glandular  organs.  The  infarctions  were 
associated with thrombi in the branches of the portal vein, and 
in this regard,  as well as in the character of the necrosis, Wool- 
dridge's lesion resembles that  just described.  Moreover, in ani- 
mals  which survived fourteen days,  he  observed scattered  loci 
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thrombosis alone to be sufficient cause for the necrosis, but be- 
lieves that  an important adjuvant is some change in the chemi- 
cal  composition of the  blood  caused  by the  proteid  substance 
injected. 
The Reparative Process.*~Only  fifteen of forty-three animals 
survived the acute effects of the serum a sufficient length of time 
to allow repair of the liver lesion to take place.  The liver of each, 
however, shows some stage of repair,  and as various periods of 
from thirty-eight hours to thirty-six days are represented, it has 
been  possible  to  study  all  stages  of  the  development  of  the 
cirrhotic lesion. 
At thirty hours the first and only evidence of repair is karyo- 
kinesis of the liver cells.  This, however, is not conspicuous and 
the mitotic figures are found only after prolonged search.  They 
occur, uniformly, not  at  the edge of the necrotic tissue  but in 
liver  cells  two  or  three  rows  removed.  Mitotic  figures  have 
never  been  seen  earlier  than  thirty-eight-hours,  and  at  this 
period in but one animal. 
The period from forty-eight to  sixty hours is  represented by 
five animals.  The character of the repair is the same in  all,  but 
some difference in degree is evident.  The most striking  feature 
is the proliferation of the endothelial cells.  These surround the 
necrotic tissue and penetrate it from every side.  Similar  cells, 
corresponding to the remains of the capillaries, may be seen in 
some places within the necrotic areas.  Many of these cells have 
irregular nuclei suggestive of mitosis, but a definite karyokinetic 
figure, in  a  cell surely endothelial, was  found at  this  stage but 
once;  this  was  in  the  liver of an  animal killed  exactly forty- 
eight hours  after injection.  The endothelial cells  show a  ten- 
dency to  surround small fragments of necrotic liver  cells,  and 
occasionally they contain one or two red blood corpuscles.  Leu- 
cocytic infiltration occurs to a very slight extent. 
By the end of the fourth day the proliferation has  advanced 
so rapidly that the bulk of the necrotic tissue has been replaced. 
* Only a  general outline  of the reparative process will be given at this time; 
the details of the finer changes and  their  interpretation will be presented in  a 
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Within the necrotic areas the bands of new tissue are more  defi- 
nite.  Mitotic figures in liver cells are so numerous that three or 
four may be  found in  one  field  of a  one-twelfth lens.  A  few 
lymphoid cells are seen in the portal spaces. 
The picture at the fifth day differs only in the extent of the 
process.  The  new tissue  has assumed all the characteristics of 
granulation tissue and contains  giant  cells which surround frag- 
ments of hyaline material.  The  first suggestion of intercellular 
fibrillae is seen at this stage. 
The  later  stages,  from the  eleventh to  the  thirty-sixth  day, 
illustrate the gradual transformation of this  young  granulation 
tissue  into  a  very definite connective tissue.  At  the  eleventh 
day the new blood-vessels are very prominent and the fibrillated 
character of the connective tissue well marked.  All stages  after 
the fourth day show a few scattered lymphoid cells,  but this has 
not been a prominent feature except in one animal; killed on the 
twenty-fifth day, in which the tissues of the  portal  spaces  are 
filled with lymphoid and plasma cells. 
The oldest as well as the most typical lesion was that found in 
an  animal killed on the  thirty-sixth day  (see  Fig.  2).  Macro- 
scopically, the liver was much firmer than normal, had  a  finely 
granular  surface,  and  was  deeply  bile  stained.  The  capsule 
showed irregular areas of thickening and was mottled by an  ill- 
defined  congestion.  On  section,  a  distinct  pseudo-lobulation 
was evident, definite islands of brownish yellow liver tissue being 
marked off by a  fine grayish network of newly formed  tissue. 
Histological examination shows broad bands of connective tissue 
entirely replacing the  necrotic areas  and  forming  a  uniformly 
arranged network separating the surviving islands of liver tissue 
about  the  larger  portal  spaces.  The  new  tissue  is  distinctly 
fibrous and contains many newly formed blood-vessels and bile 
ducts;  it  stains  deeply  by  Mallory's  method  for  connective 
tissue.  The formation of new liver  cells  is  still  demonstrable. 
l~'ragments  of  necrotic hyaline  cells,  not  infrequently partially 
calcified, are  found in  the  midst  of the  new connective tissue. 
Large  irregular multinucleated masses  of protoplasm  surround 
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These multinucleated cells,  essentially foreign body giant cells, 
are derived in part from endothelial cells and in part from liver 
cells.  Associated with them are numerous multinucleated liver 
cells without inclusions.  Lymphoid and plasma cells are present, 
but only in small numbers. 
Discussion.--The  final  stage  of  the  lesion  herein  described, 
constituting as it does a  chronic interstitial hepatitis of diffuse 
but uniform distribution,  may justly be termed an e~:perimental 
cirrhosis.  No close analogy, however, can be drawn between it 
and human cirrhosis, for, with the possible exception of the so- 
called central cirrhosis  associated with  chronic  passive  conges- 
tion, a  form of interstitial hepatitis with similar  distribution of 
the new tissue does not occur in man.  In this  connection Bos- 
troem's s recent discussion of liver cirrhosis as  a  repair process 
in  chronic  passive  congestion  is  of  especial  interest.  As  the 
result of a study of material from man he reaches the conclusion 
that the congestion causes destruction of liver cells, not neces- 
sarily by pressure of the widened capillaries,  but through nutri- 
tive and functional disturbances.  With these conditions are asso- 
ciated rupture of the capillary wall and the  escape of red  cells 
into the perivascular lymph  spaces.  Thrombosis also is  not an 
infrequent occurrence and has  a close relation to the destruction 
of liver cells.  The repair, which is most active in the region of 
the portal spaces, results in a  very definite cirrhosis.  When one 
considers that the necrosis in my experimental lesion is preceded 
by  an  intense  congestion  associated  with  all  the  etiological 
factors  described by Bostroem, the analogy of the  repair lesion 
to  the  cirrhosis  which he  describes  becomes  very  apparent. 
Comparisons as to  the  etiology of  cirrhosis in  general are not 
justifiable, for we  know of no toxic substances associated with 
abnormal conditions in man which  are capable  of  causing  the 
widespread  necrosis  seen  in  these  experimental  lesions.  The 
only condition comparable is  acute yellow atrophy with which 
the  early necrotic and  reparative  lesions  of the  second to  the 
sixth day have much in common. 
On  the  other hand,  however,  these  experimental lesions  de- 
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tive lesions, and thus support the theory of Kretz 6 that cirrhosis 
is  essentially a  reparative process.  Kretz,  who  bases  his  con- 
clusions  on  an  extensive study of the  disease in  man, believes 
cirrhosis to be the result of successive processes of repair follow- 
ing  repeated focal injuries  of the  liver parenchyma.  The  pri- 
mary lesion is, he thinks, a destruction of groups of liver cells at 
the  periphery of the  lobule.  After such destruction the  unin- 
jured cells of the lobule, as well as the cells of the bile duets pro- 
liferate  in  an  attempt  to repair  the  injury.  The  continuous 
occurrence of degeneration and regeneration causes the  forma- 
tion of new connective tissue which eventually atrophies,  thus 
leading to the picture seen at  autopsy.  Cirrhosis,  therefore, is 
the  result  of repeated localized destructive lesions  from which 
the liver has more or  less  recovered.  This view, it will readily 
be  seen,  accepts Weigert's 7 opinion that  the primary lesion in 
all  interstitial  new growth of tissue  is  cell  death,  and  also  in- 
cludes Kirikow's s opinion that in addition to cell death the con- 
tinual action of the toxic substance is necessary;  but  adds the 
important factor of continuous regeneration. 
W.  G.  MacCallum's 9  study  of  the  regenerative  changes  in 
human cirrhosis strongly supports the theory of Kretz, as do also 
the  studies  by  MePhedran  and  A.  B.  MacCallum,  10  Meder,  it 
Marehand,  12  Stroebe,  la  Barbaeci, 14  W.  G.  MacCallum,  is  and 
others of repair in acute yellow atrophy of the liver• 
The  experimental studies  of repair  after various  mechanical 
injuries  also  indicate  the  ease  and  rapidity  with  which  liver 
parenehyma repairs  loss  of substance.  From the  observations 
of Podwyssozki 16  and  Ponfick 17  it  is  seen  that  slight  injuries 
are  repaired  by  the  proliferation  of  either  liver  cells  or  the 
smaller bile ducts, connective-tissue repair occurring only when 
loss  of substance exists.  Of special interest is the true hyper- 
plasia observed by Ponfick and by v. Meister is after extirpation 
of  large  portions  (one-quarter to  three-quarters)  of the  entire 
liver. 
On  the  other  hand,  the  argument  is  presented  that  focal 
necrotic  lesions  of  the  liver  frequently occur  in  man  without 
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formation of connective tissue.  In this  connection the hepatic 
lesions of typhoid fever, diphtheria, and other acute infections, 
as well as various experimental infections of animals, are quoted. 
It is probable, however, that in such cases the reparative power 
of the cells is in some way delayed, or consists possibly of a true 
regeneration of liver cells without the proliferation of connective 
tissue;  for in  hog  cholera,  in  which,  above  all  other  diseases, 
necroses of the  liver  are  most  abundant  and  widespread,  cir- 
rhosis  of the  liver commonly occurs.  Salmon,  Smith, and Kil- 
borne,  19 in the study of hog cholera in an epidemic including both 
acute  and  chronic  cases,  found well-marked cirrhosis  in  about 
one-half of the  animals examined. 
The question as to whether the interstitial tissue or the paren- 
chyma is primarily affected in cirrhosis receives little enlighten- 
ment from the literature of experimental cirrhosis.  Heukelom 2o 
who reviewed the literature up to ~  8  9 6 collected nineteen different 
methods said to be capable of producing cirrhosis, and to these 
Joannovics 21 in a recent summary adds others.  None, however, 
produces  a  lesion  analogous to that occurring in  man.  These 
methods may readily be divided into two groups.  In the first 
we have procedures essentially mechanical in nature, as ligation 
of  the  ducts  or  vessels  of  the  liver,  the  injection of  irritating 
substances  into  the  ducts  or  directly into  the  liver substance, 
and their application to its surface.  The second group includes 
the administration by the mouth, or by subcutaneous or intra- 
venous injection, of various toxic substances.  As a general rule, 
the mechanical methods lead to a  more or less irregular connec- 
tive-tissue formation, sometimes with considerable sclerosis, but 
the lesion under these circumstances is more of an atrophy than 
a  cirrhosis.  The toxic  agents,  for which positive  results  have 
been claimed, have been introduced so that they reach the liver 
through the blood  stream.  The lesion attributed to  such sub- 
stances  is  usually described  as  a  primary degeneration of the 
liver cells with  a  slight  increase of  connective tissue limited, as 
a  rule, to the  portal  spaces;  in  a  few instances a definite peri- 
lobular growth of connective tissue,  independent of parenehy- 
matous degeneration, has been described.  Pew of these lesions, 72  Experime~tal  Cirrhosis  of the  Liver 
however,  even in  their  final  stages,  are  comparable  to  the  cir- 
rhosis of man, and in none has  it  been possible to follow step by 
step the development of a  lesion which could properly be termed 
an  experimental  cirrhosis. 
Summary.--The  reparative  process  which  follows  the  wide- 
spread  necrosis  of  the  dog's  liver  caused  by  the  injection  of 
hmmagglutinative  serum  constitutes  a  chronic interstitial  hepa- 
titis  of definite and constant  character.  This is not only a  new 
type  of  experimental  hepatic  lesion,  but  is  more  definitely  a 
cirrhosis  than  is  any  other  experimental  lesion  hitherto  de- 
scribed.  It  is  of  importance  in  explaining  the  histogenesis  of 
cirrhosis,  and  incidentally  various  repair  processes  in  the  liver; 
but it does not  aid  in the  elucidation of the  etiology of cirrhosis 
in man, nor  does it explain the peculiar arrangement of the new 
connective  tissue  in  any  form  of  human  cirrhosis  except  pos- 
sibly  that  associated  with  chronic  passive  congestion.  It  defi- 
nitely demonstrates, however, that cirrhosis may follow extensive 
primary  destructive  lesions,  a  view not  yet fully accepted, and 
supports  the  contention of  Kretz  that  cirrhosis  is  essentially a 
reparative process. 
EXPLANATION  OF  PLATE V. 
Fig.  i.--The primary lesion.  Extensive hyaline necrosis  sparing  only the 
tissues about the larger portal spaces.  Thirty-eight hours. 
Dose I  : xooo,  Methylene blue and eosin.  No. 2 oc., No. 3 obj.--Leitz. 
Fig.  2.--Experimental cirrhosis.  Broad bands of newly-formed connective 
tissue surround the islands of normal liver about the portal spaces.  In the 
stroma may be seen newly-formed bile ducts and numerous giant cells.  Thirty- 
six days 
Dose i  : tooo.  Hmmatoxylin and eosin.  No.  3 oc., No. 3 obj.--Leitz. 
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